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ABSTRACT 
(  Unclassified! 

The  use  of  sun-glitter  photography  to  detect  monomo- 
lecular  layers  of  organic  material  on  water  surfaces  through 
their  damping  effect  on  short  water  waves  is  discussed. 
Since  the  method  is  nondiscriminating,  damping  caused  by 
either  aerodynamic  or  hydrodynamic  effects  is  also  detected. 
Two  photographically  relevant  parameters  are  the  slope  and 
the  radius  of  curvature  of  the  water  surface.  Where  the 
predominant  slope  components  are  associated  with  wave¬ 
lengths  short  enough  to  be  effectively  damped,  areas  of  com¬ 
pacted  surface  films  can  be  detected  with  a  tiearly  infinite 
signal -to- noise  ratio.  Where  majo**  slope  components  are 
associated  with  longer  waves  not  susceptible  to  damping, 
the  signal -to -noise  ratio  deteriorates.  Under  adverse  ocean 
conditions,  changes  of  the  average  radius  of  curvature  can 
sometimes  be  used  to  indicate  areas  of  damping  which  are 
otherwise  not  readily  detected. 


PROBLEM  STATUS 

This  is  an  interim  report;  work  on  this  problem  is 
continuing. 
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STUDIES  OF  THE  OCEAN'S  SURFACE 

PART  3  -  THE  DETECTION  OF  SURFACE  FILMS  AND  HYDRODYNAMIC 
SMOOTHING  BY  SUN-GLITTER  PHOTOGRAPHY 

(  Unclassified  Title] 


INTRODUCTION 

In  various  oceanographic  problems,  a  knowledge  of  the  distribution  and  physical  char¬ 
acteristics  of  surface  slicks  caused  by  monomolecular  (or  thicker)  films  of  organic  mate¬ 
rial  floating  on  the  sea  surface  is  of  interest.  While  such  films  can  be  detected  by  meas¬ 
uring  (a)  the  surface  tension  of  the  water,  (b)  the  electrode  potential  of  the  surface,  or  (c) 
by  chemical  assay,  such  measurements  are  difficult  to  conduct  in  the  field  and  must  bo 
made  on  a  point-to-point  basis.  The  slowness  of  this  type  of  sampling  precludes  rapid 
time- sequential  mapping  of  changes  in  the  size  and  distribution  of  slicks,  and  it  has  been 
necessary  to  develop  a  more  rapid  survey  technique  for  use  in  connection  with  studies 
related  to  detection  of  surface  effects  caused  by  submerged  submarines. 

To  obtain  a  rapid  survey  technique,  advantage  has  been  taken  of  the  well-known  propen¬ 
sity  of  compacted  monolayers  to  preferentially  damp  the  smaller,  steeper  components  of 
the  wave  structure  of  the  sea.  The  optical  effects  of  such  damping  are  evident  to  even  the 
most  casual  observer  of  the  sea  surface,  even  though  uie  film  which  causes  the  damping 
may  be  confined  to  a  surface  layer  less  than  1  /100th  of  the  wavelength  of  visible  light  and 
thus  be  completely  invisible  in  itself.  These  optical  effects  are  recorded  by  photographing 
the  glitter  pattern  resulting  from  reflections  of  the  sun  by  the  ocean  waves. 

In  order  to  eliminate  (he  variables  of  casual  observation  and  to  emphasize  the  differ¬ 
ences  between  slick  and  clean  areas,  it  has  been  necessary  examine  the  nature  of  the 
changes  caused  by  slicks  and  their  relation  to  the  photographic  process.  This  report 
points  out  some  of  the  elementary’  optical  considerations  involved,  relates  the  photographic 
image  to  the  structure  of  the  sea,  and  illustrates  some  results.  The  discussion  is  centered 
on  the  relatively  simple  case  of  light  from  a  discrete  source-the  sun-even  though  slicks 
sometimes  show  up  more  clearly  in  photographs  taken  with  extended  but  variegated  light 
sources  such  as  a  cloudy  sky  (Fig.  1), 

While  the  ideas  contained  in  this  report  are  derived  .rom  the  work  of  many  authors, 
specific  contributions  are  not  generally  noted.  A  bibliography  is  appended  which  recog¬ 
nizes  the  author’s  source  material  and  to  which  the  reader  is  referred  for  more  detailed 
treatment. 


OPTICAL  PRINCIPLES- WAVE  SLOPE  EFFECTS 

When  parallel  beams  of  light  from  an  infinitely  distant  point  light  source  ate  reflected 
from  a  plane  surface,  the  angles  of  incidence  in  and  reflection  rc  of  each  beam  are  equal. 
Thus,  in  the  situation  sketched  in  Fig.  2  (a),  only  one  of  the  indicated  beams  will  pass 
through  the  camera  lens,  and  a  single  image  results.  The  line  normal  to  the  reflecting 
surface  at  the  point  of  reflection  is  the  bisector  of  angle  SRC.  Where  this  bisector  is 
vertical,  the  angle  of  tilt  -  of  the  reflecting  surface  is  defined  as  zero.  If  the  plane  of 
Fig.  2  (a)  is  replaced  with  an  undulating  surface  wl  ich  remains  normal  to  the  plane  of 
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Tin.  1  -  Wind- ruffled  water  surface  in  abandoned  quarry  a*  Halitown, 
W*  Va ,,  showing  the  normal  visual  contrast  between  film-eo\  e  red  and 
t  lean  .1  rca  s 


S 


Pig,  *  —  Path  of  light  rays  from  infinitely  distant  point  source 
refle-  ted  from  (a)  plane  surface  ami  (h)  undulating  surface 
nor  mi  l  to  plane  SKC 
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SRC,  several  reflected  beams  can  pass  through  the  lens.  These  will  fall  on  the  line  defined 
by  the  intersection  of  the  plane  SRC  and  the  focal  plane  of  the  camera  (Fig.  2  (b)).  The 
direction  of  the  ray  which  forms  any  image  with  respect  to  the  direction  of  the  ray  from  a 
reflecting  surface  of  zero  tilt  defines  the  angle  .1,  and  the  tilt  of  the  reflecting  facet  from 
which  any  image  occurred  is  t  =  a/2. 

If  the  undulating  surface  is  not  always  norma)  to  the  plane  SRC,  reflections  can  enter 
the  lens  along  a  path  such  as  S'  R'C  (Fig.  3).  In  this  case,  the  tilt  ?  of  the  facet  from  which 
the  reflection  occurred  is  the  vector  sum  of  the  two  angles  t  x  and  •  y,  which  are  scalarly 
related  as  follows: 


Cos  /  •  CO  Si  OOS  ; 

*  y 

where  ^  r  -  ,ix  /2  and  ry  iv/2,  As  a  consequence  of  this  relationship,  the  locus  of  the 
instantaneous  position  of  all  possible  reflecting  facets  for  which  is  single  valued  forms 
a  closed  figure.  In  the  simple  case  where  the  camera  and  light  source  lie  on  a  common 
axis  perpendicular  to  the  median  plane  of  the  surface,  the  loci  for  various  values  of  are 
circles  concentric  with  the  optical  axis  (Fig.  4  (a)).  The  path  of  all  beams  reflected  from 
facets  with  the  same  value  of  »  therefore  lie  on  the  surface  of  a  cone  with  its  apex  at  the 
lens.  At  the  surface,  the  radius  r  of  the  locus  for  a  tilt  value  is  given  by  r  h  t  »n  2  , 
where  h  is  the  camera  elevation. 


Fig.  3  -  Path  of  light  rays  reflected 
from  undulating  surface  not  every¬ 
where  normal  to  plane  SRC 


The  effect  of  separating  the  lens  and  light  source  from  a  common  axis  can  lie  visual¬ 
ized  as  a  rotation  of  the  apex  of  tlu-  reflected  tone  of  beams  atxmt  an  axis  in  the  median 
plane  of  the  surface  and  normal  to  the  plane  SlRCl  (Fig.  4  (b)).  At  the  reflecting  surface, 
the  locus  of  facets  of  single-valued  tilt  becomes  elliptical.  Ry  making  the  angle  of  the 
optical  axis  of  the  camera  the  same  as  the  angle  of  the  ray  reflected  from  the  median  plane 
o*  zero  tilt,  reflections  from  tacots  of  a  single  value  of  •  continue  to  fall  in  circles  on  the 
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Fig.  4  —  Locus  of  paths  of  light  rays  reflected  from  facets  having  the  same  tilt 
angle  r  for  (a)  camera  axis  and  infinitely  distant  point  light  source  both  on  line 
normal  to  median  plane  of  surface,  and  (b)  camera  axis  and  light  source  at 
various  positions  not  on  the  normal  line  (vertical) 


film  plane,  though  the  projection  of  the  surface  on  the  film  plane  is  foreshortened.  11  the 
camera  angle  is  not  held  at  this  angle,  the  film-plane  locus  also  becomes  distorted  into  an 
ellipse.  If  the  curvature  of  the  earth’s  surface  is  taken  into  consideration,  Computation  of 
the  film -plane  loci  for  various  tilt  angles  becomes  even  more  tedious. 

As  a  practical  matter,  the  result  of  this  elliptical  symmetry  is  that  sun-glitter  photo¬ 
graphs  taken  with  a  framing  camera  contain  reflections  from  facets  of  many  varying  angles. 
Since  the  distribution  of  facets  and,  to  some  extent,  the  radius  of  curvature  vary  with 
respect  to  facet  angle,  the  resulting  pictures  may  show  density  anomalies  which  maxe 
interpretation  difficult.  For  example,  a  long  narrow  slick  running  across  the  center  of  a 
reflection  ellipse  will  usually  show  up  as  darker  than  the  background  at  the  edges,  lighter 
than  the  background  in  the  center,  and  of  the  same  average  density  in  an  intermediate 
transition  region.  The  reasons  for  this  will  be  discussed  later. 

To  eliminate  such  density  anomalies,  it  is  desirable  to  make  the  photographic  presen¬ 
tation  homogeneous  in  terms  of  facet  angle.  One  method  of  approaching  this  goal  is  to 
limit  the  field  of  view  of  the  camera  so  only  a  narrow  range  of  facet  angles  can  reflect 
light  to  the  film.  While  this  results  in  a  loss  of  area  coverage,  this  can  be  compensated  by 
taking  the  pictures  from  a  higher  altitude.  A  second  method,  which  also  eliminates  the 
foreshortening  associated  with  nonvertical  framing  cameras,  is  to  use  a  conventional 
aerial  moving-film  strip  camera  (Fig,  5).  Such  cameras  are  flown  over  the  target  area  on 
a  straight  line  at  constant  elevation  from  the  median  plane.  The  viewing  angle  is  fixed  with 
respect  to  the  vertical.  The  images  of  individual  points  on  the  target  move  past  a  con¬ 
stantly  open  slit,  behind  which  the  film  travels  at  a  rate  matched  to  the  rate  of  image 
movement.  Since  the  viewing  angle  remains  constant,  all  reflections  recorded  along  any 
line  parallel  to  the  line  of  flight  come  from  facets  having  a  single-valued  U*t.  However, 
this  is  not  the  case  along  the  film  coordinate  normal  to  the  line  of  flight,  where  the  same 
considerations  noted  ear'ier  for  the  framing  camera  apply. 
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An  An  aid  in  viBUAiUinu  tin?  dint  dilution  of  f*ccl  reflection  *nule*  *<tom*  the  width  of 
the  film,  the  count  ruction*  xhovm  in  Fl#.  flur*  unefnl.  In  FIk-  G  OOeuehol  the  concentric  eireleh 
represent*  the  locu*  of  the  poeition  of  f*e»u  of  Minute- v*hi«d  tilt  tor  the  rune  where  (In* 
earner*  Axis  And  aii  infinitely  di*t*nt  light  vouree  U>th  lie  on  a  common  norm*)  to  the 
median  plan©  of  the  *urf*c*.  The  r*dlu*  of  each  cirele  on  the  figure  in  proportloiml  to  the 
tangent  of  twlee  the  fAeet  till  angle,  With  the  o|rtic*|  *xU  of  tlie  camera  norm* l  to  the 
median  nea  Aurface,  the  Held  of  view  of  the  alii  In  reprenented  hy  line  AA';  und  the  dlntn- 
tiution  of  fAeet  tilt  angle*  aero**  the  film  in  repr*»omed  hy  the  Internectlon  of  the  cirrlen 
dexlgiuited  “fAeet  tilt*  with  AA‘ . 

If  the  r*mer*  axU  In  tilted  front  the  norm*!,  the  geographic  limit h  ol  the  field  ol  view 
*t  the  vurface  expand  *nd  the  limiting  facet  tilt  muut  tie  computed  from  the  enable  luw 
con  i  (Hik  ^ )  ( *  on  <y  i>,  When  the  He  romputed  value*  of  the  limiting  ftteet  tilth  (In 
degree*)  are  plotted  a*  *  fu  net  Ion  of  the  cumer*  tilt  angle,  they  yield  tlw*  two  curve*  nhown 
in  Fi|t.  0  (ti)  *h  the  he*vy  line*  Bit  *ni  1I'H‘ , 

The  *paee  between  theve  limiting  facet  mode  Imondurtt t*  him  been  divided  ,.itn  ten 
equal  part*,  whteli  reprencnl  equal  Increment*  aero**  the  Mil.  By  Nuperlmpmtihg  the 
limiting  ftteet  Millie  Uiundary  curve.*  on  the  tangent  «  in  le«  (Kin.  ti  (c)),  the  <||mI nluit Utii  ol 
fa  et  angle*  Heroin  the  field  ol  view  can  la*  cidlmatcd.  The  placement  In  Fiji,  ti  (e)  corre- 
Apond*  to  *  volar  elevtttion  of  i#0  degree*  (min  directly  overhead).  The  dlvtrihuUon  ol  (*eet 
angle*  I*  indicated  by  the  intervecUon*  ol  the  circle*  with  *ny  line  |m«.  *  to  AA'  dr*wn 

between  BB  *nd  IF  B  *t  the  Hppropriute  eumer*  tilt  angle. 

For  otlier  non  elevation  angle*  y  s,  the  line  AA  uniat  he  Hhifted  horlronliilly  no  that  it 
i*  tangent  to  the  circle  correNjmnding  to  the  *ppropri*te  volar  elev*tion.  Thin  m*nlpui*tlon 


+  ll,  t4' l •  (»,  AA  In  <1  t’rtwn  ior  u  I  nniurii  linviii|i  u  Itt'M  ol  vl«*w  ol  A  1 
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Fig.  6  -  Aids  for  estimating  the  facet  angle  from  which  images  wei  recorded  across 
the  width  of  film  in  strip  camera:  (t)  for  viewing  angle  and  solar  elevation  angle  both 
90*,  slit  field  of  view  is  line  AA' ;  (b)  variations  of  geographic  limits  of  field  of  view 
as  a  function  of  camera  tilt  angle  (the  maximum  geographic  limits  for  U:?  camera 
used  are  the  lines  BB  and  B'  Br);  (c)  superposition  of  fa)  and  (b)  so  that  facet  angles 
across  field  of  view  can  be  estimated  for  solar  elevation  of  90*  and  various  camera 
tilt  angles  (for  example,  at  a  camera  tilt  angle  of  40*,  facet  angles  across  the  width 
of  film  range  from  20*  to  25*);  and  (d)  position  of  grids  (a)  and  <b)  for  solar  elevation 
of  60* 
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Fig,  6  (Cont'd)  —  Aids  for  estimating  the  facet  angle  from  which  i  *ges  were  recorded 
across  the  width  of  film  in  strip  camera:  (a)  for  viewing  an(  *e  and  solar  elevation 
angle  both  90*,  slit  field  of  view  is  line  AA';  (b)  variations  of  geographic  limits  of 
field  of  view  as  a  function  of  camera  tilt  angle  (the  maximum  geographic  limits  for  the 
camera  used  are  the  lines  BB  and  B*  B* );  (c)  superposition  of  (a)  and  (b)  so  that  facet 
ingles  across  field  of  view  can  be  estimated  for  solar  elevation  of  90*  and  various 
camera  tilt  angles  (for  example,,  at  a  camera  tilt  angle  of  40*,  facet  angles  across  the 
width  of  film  range  from  20*  to  25*);  and  (d)  position  of  grids  (a)  and  (b)  for  solar 
elevation  of  60* 
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is  shown  in  Ftp.  6  (d)  for  a  solar  elevation  of  60  degrees.  The  facet  distribution  is  then 
found  on  the  line  parallel  to  AA'  (drawn  from  BB  to  B'  B' )  corresponding  to  the  appropriate 
camera  tilt  angle.  Corrections  for  deviations  between  the  line  of  flight  and  the  azimuth 
angle  of  the  sun  can  also  be  made  by  rotating  the  overlay  about  the  midpoint  of  AA'to 
correspond  to  the  singular  deviation. 

From  these  constructions,  it  is  apparent  that  the  range  of  facet  angles  across  the  width 
of  the  film  can  be  minimized  by  working  at  facet  angles  as  far  removed  from  zero  as  the 
sea  conditions  permit,  and  by  using  narrow  viewing  angles.  In  principle,  the  presentation 
could  be  made  completely  uniform  through  the  use  of  slits  curved  to  match  the  film  plane 
locus  of  reflections  from  facets  of  single  valued  tilt. 


IMAGE  FORMATION 
Framing  Camera 

Thus  far  the  discussion  has  assumed  a  point  source  of  light  and,  therefore,  point  images 
on  the  film.  In  sun- glitter  photography,  each  image  recorded  on  the  film  is  a  reflected 
image  of  a  distant,  extended  light  source,  and  so  is  of  finite  size.  The  size  of  such  images, 
reflected  from  a  plane  surface,  is  determined  by  the  angular  aspect  of  the  source  and  the 
focal  length  of  the  lens  (Fig.  7  (a)).  Since  realizable  changes  in  camera  elevation  are 
small  compared  with  the  distance  to  the  sun,  image  size  is  independent  of  the  camera 
altitude. 

When  the  reflection  occurs  from  a  surface  w*th  spherical  curvature,  the  area  from 
which  reflections  can  reach  the  lens  is  limited  to  a  segment  of  the  sphere,  the  dimensions 
of  which  depend  on  the  radius  of  curvature  of  the  reflecting  surface  (Fig.  7  (b)).  At  the 
film  plane  this  area  is  further  reduced  by  the  photographic  scale.  Because  the  aspect 
angle  a  of  the  sun  is  only  92  minutes,  a  facet  with  a  radius  of  curvature  of  one  inch 
reflects  from  an  area  about  0.002  inch  In  radius.  At  photographic  scales  of  feasible  values 
for  survey  purposes,  such  images  will  be  less  than  the  grain  size  of  the  emulsion.  Some 
photographic  factors,  such  as  lens  aberrations,  clumping  of  grains  in  the  emulsion,  and 
movement  of  either  camera  or  reflecting  surface,  contribute  to  the  detectability  of  small 
reflections.  But  purely  on  a  basis  of  image  size,  it  can  be  expected  that  many  reflections 
will  be  submerged  in  the  grain  structure. 

An  even  more  relevant  consideration  is  the  intensity  of  the  reflected  light.  The  inten¬ 
sity  falls  off  rapidly  as  the  radius  of  curvature  of  the  reflecting  facets  decreases.  Thus 
reflections  from  the  smallest  facets  tend  to  be  lost  first  on  an  intensity  basis.  This  situ¬ 
ation  is  further  aggravated  by  the  flat  foot  of  the  exposure-density  curves  for  typical 
emulsion  materials. 

Movement  of  the  reflecting  facet  during  the  period  of  exposure  also  may  adversely 
affect  the  recording  of  reflections  from  facets  with  short  radius  of  curvature  since  the 
effective  exposure  is  reduced  by  a  factor  which  depends  on  the  ratio  o i  image  length  to  its 
velocity.  In  the  framing  camera,  the  image  velocity  across  the  ft*  is  roughly  the  rate  of 
movement  of  the  reflecting  facet  at  the  water  surface  divided  b*  me  photographic  scale. 

The  rate  of  movement  of  the  facet  is  approximately,  though  not  exactly,  equal  to  the  rate 
of  movement  of  the  wave  itself.  Since  the  propagation  velocity  of  water  waves  increases 
for  wavelengths  both  larger  and  smaller  than  a  certain  minimum,  the  smallest  facets  will 
be  associated  with  the  most  unfavorable  length /velocity  ratios. 
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Fig.  7  -  Image  of  finite  source  re¬ 
flected  from  (a)  plane  surface  and 
(b)  cylindrical  or  spherical  lur- 
face.  The  angular  aspect  of  the 
source*  l9  is  else  of  image  at 
surface*  and  1 1  is  recorded  image 
sise*  which  is  equal  to  multi¬ 
plied  by  the  photographic  scale. 


(t) 


Strip  Camera 

As  a  consequence  of  both  the  changing  viewpoint  of  the  strip  camera  with  time  and  the 
finite  width  of  the  slit  at  the  focal  plane*  reflected  images  of  distant  sources  are  lines 
rather  than  points.  From  a  plane  surface  of  aero  tilt,  the  image  is  an  indefinitely  long  line. 
From  undulating  surfaces*  images  are  formed  by  reflections  from  all  points  where  the  tilt 
r  lies  within  the  limits rn  i  (am  4).  is  the  slope  at  which  the  camera  is  aimed,  and  » * 
is  the  overall  acceptance  angle*  which  is  the  sum  of  the  angular  aspect  of  the  source  ^  and 
the  acceptance  angle  of  the  camera  >r,  The  angle  <»c  ismt^t  *  f  >,  where  *  is  the  slit 
width  measured  in  the  direction  of  camera  motion  and  f  is  the  focal  length  of  tens. 

This  can  also  be  computed  directly  from  the  relation 

ur  •=  t  nn “*  (  t k v  h)  i»n  d, 

where  t  is  the  exposure  time  in  seconds,  v  is  the  camera  velocity  in  knots,  h  is  the  altitude 
in  feet,  <!  is  the  depression  angle*  and  k  is  1.6889. 

The  acceptance  angle  concept  is  useful  in  visualising  the  nature  of  the  glitter  image 
from  a  water  surface.  Figure  8  (a)  represents  the  linear  elevation  ^*  v>***e  of  a  water  wave. 
The  slope  of  this  wave  is  represented  by  Us  first  derivative,  as  shown  in  Fig.  8  (b).  The 
location  of  reflected  images  on  the  elevation  profile  can  therefore  be  determined  by  the 
intersections  of  the  slope  curve  with  the  band  r„  M  *,  4)  representing  the  range  of  tilt 
angles  which  can  reflect  the  source  to  the  camera.  Where  the  derivative  curve  crosses 
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Fig,  8  -  Elevation  profile  and  Blopc  profile  of 
sinusoidal  water  wave.  The  viewing  angle  of 
came ra,  plus  and  minus  one -quarter  the  over¬ 
all  acceptance  angle  a#,  is  shown.  Reflections 
are  recorded  on  strip  camera  from  all  points 
on  the  slope  curve  which  fall  within  the  ac - 
ceptance  angle  band.  The  vertical  projections 
to  the  elevation  profile  indicate  the  areas 
from  which  reflections  are  recorded  from  the 
actual  wave. 


both  limits  of  this  band,  two  reflections  per  wave  will  result;  where  it  crosses  only  once, 
only  one  reflection  per  wave  is  recorded.  The  displacement  of  the  acceptance  band  from 
the  centerline  is  equivalent  to  departure  of  the  camera  viewing  angle  from  the  elevation 
angle  of  the  source. 

Since  the  camera  is  moving,  the  effects  of  facet  movement  on  the  length  of  the  recorded 
image  are  dependent  on  the  direction  of  facet  motion  relative  to  the  camera  motion.  Waves 
moving  with  the  camera  cause  elongation  of  the  images,  while  waves  moving  against  the 
camera  cause  compression  of  the  images.  The  resulting  image  sire  l  can  be  estimated 
from 


I  -  ijvc  (vc  t  vt)), 

where  I  o  would  be  the  image  sUe  in  the  abtjnce  of  motion,  vc  is  the  camera  velocity,  and 
Vt  is  the  wave  velocity.  This  relationship  holds  only  for  velocity  comport  **  in  the  direc¬ 
tion  of  flight  and  also  ignores  image  movement  resulting  from  change  in  wave  shape  with 
movement. 


RELEVANT  FEATURES  OF  THE  SEA  SURFACE 

In  the  fully  developed  sea,  the  distribution  of  wave  energy  as  a  function  of  wavelength, 
integrated  over  a  sufficiently  long  period  of  time  to  ensure  statistical  validity,  represents 
a  continuum  which  can  be  uniquely  described  as  a  spectral  dill..'  1  on.  Such  curves  are 
subject  to  wide  variations,  particularly  where  the  seas  are  not  fully  developed  or  are  decaying, 
but  the  concept  has  the  philosophical  advantage  of  permitting  the  elevation  profile  of  the  sea 
to  be  considered  as  a  Fourier  summation  which  can  be  resolved  into  its  various  sinusoidal 
components.  This  concept  is  a  gross  oversimplification  in  the  case  of  short -exposure* time 
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photographs  where  the  sampled  i. formation  does  not  represent  a  significant  sample,  but 
it  does  provide  a  starting  point  for  discussion. 

A  typical  energy  spectrum  is  shown  in  Fig.  9  (a).  The  energy  peak  lies  at  a  wave¬ 
length  on  the  order  of  tens  of  feet.  As  drawn,  the  energy  contribution  of  wavelengths  or 
the  order  of  a  few  inches  approaches  sero,  but  since  the  photographic  process  is  sensitive 
only  to  Instantaneous  slope,  the  distribution  of  reflecting  facets  is  different  from  the 
energy  spectrum.  If  it  is  considered,  for  example,  that  all  wavelengths  of  values  less  than 
n  are  contained  in  a  square  with  an  area  of  n  2  in  phases  normal  to  the  x  and  y  coordinates 
and  that  one  reflection  is  associated  with  each  wave  cycle,  the  number  of  reflections  for 
any  wavelength  \  would  be  (n/\)2.  The  distribution  shown  in  Fig.  9  (b)  would  result.  This 
distribution  is  not  valid  at  any  given  moment  of  time  over  a  finite  space  because  of  the 
random  distribution  of  waveforms  and  because  of  physical  limitations  which  make  certain 
combinations  mutually  exclusive.  Nevertheless,  the  general  form  of  this  distribution  curve 
is  qualitatively  consistent  with  the  results  of  direct  observation,  except  for  a  falling  off  in 
the  number  of  reflections  at  short  wavelengths,  as  indicated  by  the  dashed  line.  This  fall- 
off  is  partly  due  to  the  distribution  characteristics  of  very  small  “dimples’*  in  relation  to 
the  larger  waves,  but  an  even  more  significant  factor  is  the  short  radius  of  curvature 
associated  with  the  smallest  waves. 


Fig.  9  -  (a)  Spectral  distribution  of  energy  in 
fully  developed  sea  (after  Pierson,  see  Bibli¬ 
ography).  (b)  Spectral  distribution  of  re¬ 
flecting  facets  for  hypothetical  case  of  long- 
crested  waves  In  two  phases  at  right  angles 
to  each  other.  Dotted  line  suggests  drop 
observed  experimentally  because  of  discrim¬ 
ination  against  smallest  facets. 


As  mentioned  earlier,  a  number  of  photographic  and  phyrical  factors  combine  to 
discriminate  against  the  recording  of  reflections  from  very  small  wav ts,  and  photographs 
have  been  obtained  which  suggest  that  the  smallest  facets  may  be  lost  even  at  photographic 
scales  of  5  to  1.  As  the  photographic  scale  increases,  the  resolution  and  sensitivity  both 
decline,  and  the  peak  in  the  recorded  distribution  curve  moves  to  progressively  longer 
wavelengths. 

The  damping  effect  of  surface  films  is  assoviated  primarily  with  the  smaller  waves  and 
results  In  two  principal  optical  effects:  (a)  the  components  of  the  average,  maximum,  wave 
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facet  tilt  associated  with  the  smaller  waves  are  reduced)  and  (b)  the  average  radius  of 
curvature  is  increased.  The  photographic  detection  of  slicks,  therefore,  is  contingent  on 
the  detection  of  these  effects.  In  caseo  where  the  energy  spectrum  of  the  water  surface 
Is  confined  to  wavelengths  which  are  effectively  damped  by  surface  films,  the  average 
maximum  tilt  of  the  surface  is  sufficiently  reduced  so  that  proper  choice  of  the  viewing 
angle  will  completely  eliminate  Images  from  within  +he  slick  area.  In  this  case  the  slick 
can  be  detected  with  a  signal -to- noise  ratio  which  is  nearly  infinite.  Where  longer  wave¬ 
lengths  that  are  not  damped  by  the  films  are  present,  complete  discrimination  is  possible 
only  under  those  conditions  where  the  loss  of  boundary  resolution  destroys  the  usefulness 
of  the  method. 

To  illustrate  these  effects,  a  series  oi  three- component  wave  analogs  is  shown  in 
Fig.  10.  The  curves  were  generated  by  combining  three  sine- wave  inputs  (ranging  in 
relative  amplitude  from  0  to  1)  to  an  oscilloscope  (column  A  or  B).  The  three  input  wave¬ 
lengths  were  chosen  to  represent  waves  which  are  attenuated  ty  factors  of  10,  0.5,  and  0.1 
by  a  surface  film,  and  such  damping  was  sir  ulated  electrically.  The  undamped  elevation 
profiles  are  shown  in  column  C  and  the  slope  profiles  in  column  E.  The  slope  profiles 
were  obtained  by  feeding  the  combined  inputs  through  a  simple  RC  differentiating  circuit. 
The  corresponding  damped  curves  are  shown  in  columns  D  and  F.  The  spectral  distribu¬ 
tion  of  the  original  input  amplitudes  is  shown  in  columns  A  and  B,  and  the  signal -to- noise 
ratios  for  four  viewing  angles  Is  shown  in  column  G.  The  ratios  in  column  G  are  based 
purely  on  the  number  of  images  falling  within  the  arbitrary  acceptance  angle  bands  repre¬ 
senting  approximately  one-quarter  of  the  maximum  tilt  angles  encountered  in  Item  1  of  the 
figure.  These  acceptance  angles  are  much  larger  than  would  ordinarily  be  used,  but  the 
results  are  qualitatively  in  line  with  experimental  observations. 

The  signal -to- noise  ratios  will  vary  slightly  with  the  phasing  of  the  wave’s  components. 
The  general  trend  indicates  that  the  signal -t^- noise  ratio  improves  as  the  viewing  angle  is 
moved  away  from  sero,  and  the  ratio  then  becomes  infinite  in  all  cases.  However  this  is 
accompanied  by  a  marked  decrease  In  the  number  of  reflections  outside  the  slick  area  and 
a  concentration  of  these  images  at  the  crest  of  the  major  components.  Thus,  the  cost  of 
improved  ratios  is  the  loss  of  background  information  against  which  the  slick  area  may  be 
compared. 

In  the  light  of  the  observed  wind-related  variations  in  the  distribution  patterns  of 
surface  slicks,  this  loss  of  background  information  becomes  a  factor  of  major  importance. 
At  low  wind  velocities,  where  the  sea  state  is  usually  small,  organic  films  tend  to  accumu¬ 
late  in  areas  having  dimensions  of  hundreds  to  thousands  of  feet.  As  the  wind  velocity 
increases,  these  films  tend  to  distribute  in  long  wind-oriented  streaks  having  dimensions 
on  the  order  of  tens  to  hundreds  of  feet.  At  higher  wind  velocities,  where  longer  wave¬ 
lengths  can  reasonably  be  expected,  slicks  usually  stretch  out  in  long,  v#**^  narrow  stripes 
which  may  be  a  few  inches  to  a  few  feet  in  width.  In  this  third  state,  the  lo.i^er  water  waves 
often  have  dimensions  which  are  large  compared  to  the  slick  width;  so  the  likelihood  of 
detection  decreases  rapidly  as  the  viewing  angle  is  moved  away  from  aero,  with  the  result¬ 
ing  loss  of  background  information  density. 

The  intensity  of  indivickial  facets  has  already  been  shown  to  be  some  function  of  the 
radius  of  curvature  and,  since  an  increase  in  the  median  radius  of  curvature  is  a  neces¬ 
sary  consequence  of  wave  damping,  those  facets  which  reflect  from  within  the  slick  area 
will,  on  the  average,  yield  more  intense  Images  than  those  cutsio*  oe  slick  area  (Fig.  11). 
The  consequence  of  this  in  terms  of  area -integrated  density  was  suggested  earlier.  Under 
low  sea  state  conditions,  the  slick  area  viewed  at  a  facet  tilt  angle  »  of  cero  degrees  is 
invariably  brighter  than  the  background.  As  the  viewing  angle  Is  moved  away  from  sero 
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Fig,  11  -  Relative  ptci.  of  average  brightness 
from  damped  and  undamped  sea  as  &  function 
of  wave  slope 


degrees,  the  number  of  these  more  gently  curved  facets  which  reflect  light  into  the  camera 
decreases.  Over  some  range  of  viewing  angles,  the  increase  in  intensity  from  the  in¬ 
creased  radius  of  curvature  of  individual  facets  is  counterbalanced  by  the  decrease  in 
number,  and  the  area- integrated  intensity  of  light  reflected  from  the  slick  is  not  significantly 
different  from  that  reflected  from  the  background.  Beyond  this  critical  rone,  the  number 
of  long-ra&us  facets  which  reflect  into  the  camera  falls  toward  lero,  and  the  slick  appears 
dark  in  contrast  to  the  background. 

When  the  characteristic  slick  dimensions  have  become  small  compared  to  the  dimen¬ 
sions  of  major  wave  components,  the  probability  of  distinguishing  slick  areas  on  the  basis 
of  average  slope  becomes  very  small  unless  long  exposure  times  can  be  used  to  integrate 
the  information  over  a  period  at  least  equal  to  that  of  the  longest  wave  components.  A 
possibility  remains,  however,  of  using  the  average  radius  of  curvature  as  an  indicating 
parameter.  Such  a  procedure  would,  in  principle,  require  an  area-by-area  comparison  of 
the  intensity  distribution  of  resolved  facets  and  th*  repotting  of  the  information  to  form  a 
contrast -gradient  map  of  the  surface.  Such  a  readout  process  requires  a  sophisticated  data 
reduction  system,  but  an  approximation  to  this  can  be  achieved  by  purely  photographic 
processes  which  eliminate  all  images  below  an  arbitrary  intensity  level.  Some  limited 
success  has  been  obtained  with  this  technique,  which  will  be  discussed  later  in  the  report. 


EQUIPMENT  AND  TECHNIQUES 

All  water-surface  photographs  were  taken  with  either  a  hand-held  35-mm  still  camera, 
a  35-mm  Mltdtel  motion  picture  camera,  or  a  CAS-2  aerial  moving-film  strip  camera. 

Framed  motion  pictures  were  taken  with  two  Mltchel  cameras  mounted  side  by  side  in 
the  transparent  nose  cone  of  a  P2V- 5  aircraft.  The  cameras  were  mounted  on  Mop  hat* 
mounts  which  permitted  adjustment  to  any  desired  angle  in  relation  to  the  solar  elevation. 
The  camera  optical  axes  were  parallel  to  the  line  of  flight,  which  was  in  the  direction  of  the 
azimuth  angle  of  the  sun.  The  mountings  were  not  independently  stabilized,  so  the  field  of 
view  was  subject  to  roll,  pitch,  and  yaw  of  the  aircraft. 

Strip  camera  pictures  were  taken  with  the  CAS-2  camera.  This  was  mounted  on  an 
A28A  gyrostabilised  mount  supported  over  a  window  cut  into  the  tunnel  hatch  of  a  P2V  air¬ 
craft  (Fig.  12)  or  the  radar  hatch  of  an  S2F  aircraft.  The  stabilized  mount  provided  both 
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Fig.  U  -  CAS-2  atrip  earner*  on  A28A 
gyrosttbilixed  mount  on  tunnel  hatch  of 
P2V-5  aircraft 


automatic  compensation  for  aircraft  roll  and  pitch  and  manual  correction  for  drift.  The 
limits  of  roll  and  pitch  compensation  are  *8  degrees,  and  the  response  characteristics  were 
adequate  when  the  aircraft  was  flown  skillfully  in  air  oi  low  turbulence. 

Modifications  to  the  CAS-2  camera  included  a  special  single  lens  cone  assembly  which 
provided  for  (a)  a  pivot  point  for  continuous  adjustment  of  the  viewing  angle  of  the  camera, 
(b)  removal  of  the  divider  in  the  center  of  the  slit  assembly,  (c)  disablement  of  the  auto¬ 
matic  footage  printing  light,  and  (d)  electrical  provision  for  stepless  adjustment  of  the 
depression  angle  compensation  in  the  film-speed-control  circuit, 

A  240-mm  Schneider  Componon  lens  was  used  on  the  strip  camera  to  give  a  transverse 
field  of  view  of  53  degrees.  In  order  to  minimise  the  contribution  of  reflected  skylight  and 
light  reflected  from  particulate  matter  or  bubbles  beneath  the  water  surface,  a  dark-red 
F  filter  was  usually  used.  Under  poor  light  conditions,  a  somewhat  less  dense  A  filter  was 
used  for  the  same  purpose. 

All  glitter  photographs  were  taken  with  the  aircraft  flying  In  thedirectionof  theasimuth 
angle  of  the  sun  and  on  a  line  which  passed  as  nearly  over  the  target  ;irea  as  possible. 
However,  piloting  difficulties  often  resulted  in  errors  up  to  several  hundred  yards. 

Eastman  Kodak  Plus-X  Aerecon  film  was  uaed  for  the  strip  photographs  because  of  its 
wide  latitude  of  exposure.  The  pictures  shown  later  in  this  report  were  usually  normal 
prints  made  from  the  film.  Those  designated  as  high  contrast  were  made  by  a  stepwise 
process.  First,  a  high-contrast  print  wes  made  of  the  original  negative.  This  was  then 
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rephotographed,  using  lithographic  line  film,  and  a  high-contrast  print  was  made  from  this* 
A  second  line  negative  was  then  prepared,  and  the  final  print  was  made  on  high-contrast 
paper.  The  final  stages  were  made  with  very  long  exposure  times  to  increase  the  size  of 
the  Individual  Images  by  halation. 


RESULTS 
Framing  Camera 

Figure  13  shows  photographs  of  a  slick  created  on  Chesapeake  Bay  by  continuously 
dropping  oleic  acid  from  the  platform  shown  at  the  right  end  of  the  slick.  Because  of  the 
low  sun  angles  (20°  and  30°),  the  glitter  pattern  extends  to  the  horizon  and  the  most  intense 
glitter  arises  from  those  areas  of  multiple  reflections  outside  the  primary  reflection  el¬ 
lipse  where  reflections  are  accentuated  by  the  near- grating  incidence. 

The  characteristic  inversion  in  area-integrated  density,  which  arise*  from  the  ellip¬ 
tical  symmetry  of  the  reflection  pattern,  is  readily  seen  in  the  next  to  the  last  frame  of 
Fig.  13  (b). 

The  image  in  Fig.  14  is  at  a  greater  photographic  scale  than  in  Fig.  13.  This  picture 
was  taken  at  the  same  time  as  those  of  Fig.  13  (b)  but  with  a  longer  focal  length  lens.  The 
result  of  restricting  the  field  of  view  to  cover  a  narrower  range  of  facet  angles  on  the 
uniformity  of  the  presentation  is  obvious.  The  relation  of  the  reflections  which  occur  with¬ 
in  the  slick  area  to  the  longer,  undamped  components  of  the  water-wave  structure  is  ap¬ 
parent  in  both  the  spacing  and  relative  aixe  of  the  reflections  from  within  the  slick.  Atten¬ 
tion  is  called  to  the  circular  refraction  pattern  of  the  waves  surrounding  the  platform;  this 
is  caused  by  reflections  from  the  piling  structure  which  supports  the  platform. 

The  optical  clarity  of  this  particular  kind  of  aiick  is  abnormal  because  of  the  mode  of 
its  formation.  By  continuously  supplying  a  surface-act *ve  material  to  the  water  surface, 
the  normal  dissipative  losses  were  compensated  and  the  slick  maintained  a  dimensional 
coherence  not  usually  found  under  the  wind  conditions  (12-2*  vnots)  which  existed.  Several 
zones  of  tighter  and  darker  areas  are  also  to  be  seen  in  Fig.  13;  these  are  presumed  to 
represent  areas  of  greater  and  lesser  concentrations  of  naturally  distributed  slick-forming 
materials.  The  basis  for  this  presumption  is  that  the  position  of  these  areas  changed  only 
slowly  over  a  period  of  several  hours.  It  would  not  be  expected  that  either  cloud  shadows 
or  velocity  variations  in  the  wind  ctructure  would  exhibit  this  stability. 

The  usual  distribution  of  slick-forming  materials  under  high  wind  cow*: » ions  is  illus¬ 
trated  in  Fig.  15.  The  scattered  black  streaks  and  pashes  represent  slicks  formed  by  the 
compression  of  surface-active  materials  at  the  convergent  zones  of  water  circulation  pat¬ 
terns.  The  dimensions  are  very  much  smaller  than  the  longer  wave  components  but  large 
enough  in  terms  of  the  smallest  wave  components  to  give  k  reasonable  discrimination. 

This  situation  U  represented  by  item  2  of  Fig.  10, 

Figure  16  indicates  the  differences  between  slick  and  nonstick  areas  in  a  vertical  flash 
picture  where  the  photographic  scale  permits  complete  resolution  of  the  individual  facets. 
Note  the  increased  size  and  intensity  of  facets  from  the  damped  waves, 

The  other  extreme  is  indicated  in  Fig.  17  where  the  photographic  scale  is  sufficiently 
large  to  eliminate  all  details  of  wave  structure.  The  slicks  shown  are  on  the  order  of  two 
miles  in  length  and  their  distribution  pattern  suggests  that  the  wind  velocity  ws*  quite  low. 


CONFIDENTIAL 


Fig.  13  -  Sequential  framing  camera  photographs  of  glitter  pattern  from  slick  on  Chesapeake  Bay.  01«;ic  acid  slick  was 
maintained  by  dripping  oil  from  platform  at  right.  Solar  elevations  were  (a)  20  degrees  and  (b)  30  degrees.  In  each 
sequence  from  left  to  right,  the  airplane  is  approaching  platform  along  the  direction  of  solar  azimuth  angle. 
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Fig.  14  -  Larger  scale  photograph  of  Fig.  15  -  Distribution  of  slick,  (thin 

tame  condition  shown  in  Fig.  13  (b)  streaks)  under  high-wind  conditions. 

Width  of  picture  covers  approxi¬ 
mately  20  feet. 


(a)  <b) 


Fig.  16  -  Vertical  fla*ih  photograph  of  (a)  damped  and  (h)  undamped  'wait,  in  tank. 
Camera  elevation  60  incac:  ;  resolution  0.24  mm  at  surface. 
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Fig,  17  -  Framing  camera  photograph 
of  natural  slick.*  and  ship  wake.  Cam* 
era  elevation  3  3,000  feet;  resolution 
capability  4  meters. 


The  wake  of  a  surface  ship  is  Indicated  by  the  arrow.  At  the  head  of  the  a  row  is  a  white 
streak  representing  one  arm  of  the  Kelvin  wave  system.  The  dark  streak  branching  off 
from  this  is  the  turbulent  wake.  The  inversion  in  optical  density  of  this  turbulent  wake 
with  its  position  in  relation  to  the  center  of  the  distribution  flatten*  dearly  indicates  that 
a  decrease  in  average  wave  slope  is  responsible  for  its  visibility.  The  other  arm  of  the 
Kelvin  wave  pattern  Is  only  faintly  visible. 


Strip  Camera 

Typical  strip  camera  pictures  are  shown  in  Figs.  18-21.  Figure  18  indicates  the 
appearance  of  slicks  at  sea  states  ranging  from  zero  to  four.  Figure  19  illusttates  the 
effect  of  viewing  angle,  Fig,  20  the  effect  of  exposure  time,  and  1 Sg.  21  the  eueot  of  time- 
sequence  photography. 

Figure  18  (a)  indicates  .»n  essentially  zero-wind  zero-seastate  condition  in  which  the 
sea  surface  is  almost  a  plane  mirror,  the  wind  velocity  lieing  too  low  to  generate  the  cap¬ 
illary  waves  necessary  lo  delineate  the  slick  area.  The  only  reflections  recorded  in  the 
photograph  (facd  angle  2,5  degrees)  are  from  a  train  of  waves  from  a  ship  which  passed 
about  a  mile  from  the  target  area.  The  images  are  surrounded  by  halations  and  many  of 
them  show  long  thin  streaks.  These  streaks  are  probably  reflections  from  the  ••lit  edges, 
though  they  may  be  associated  with  a  secondary  wave  system  on  top  of  the  ship’s  waves. 
Under  these  conditions  optical  detection  of  slicks  is  impossible. 

The  rest  of  the  sequence  In  Hg.  18  shows  the  appearance  of  slicks  at  increr  ing  wind 
velocities.  Under  the  least  rigorous  conditions  in  which  slicks  could  be  detected  (Fig,  18(b)), 
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(a) 


(b) 

Fiji.  19  -  Ship- gene  rated  “licks  in  the  (mlf  of  Mexii  o 
at  viewing  angles  of  (a)  £*  and  lb) 
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Fig.  20  -  Strip  camera  photographs  of  glitter  at  exposure  times  of  (a)  l  /50  sec  and  (b) 
1/3  sec.  In  (a)  the  arrows  indicate  the  wake  of  a  submarine  which  was  traveling  at  a 
speed  of  5  knots. 


the  distribution  of  the  slicks  shown  was  dominated  by  the  turbulence  generated  by  tidal  Uow 
past  the  bridge  pilings.  With  a  current  of  about  one  knot,  these  effects  extended  to  a  dis¬ 
tance  of  at  least  2000  yards  downstream.  As  the  wind  picks  up,  its  contribution  to  the 
distribution  of  slicks  increases  and  the  pattern  changes  (Fig.  18  (c)).  At  even  higher  wind 
velocities  (Fig.  18  (d)),  the  wind  effects  become  sufficient  to  severely  limit  slick  detect¬ 
ability.  In  Fig.  18  (d)  slicks  are  present  but  are  drawn  out  into  long,  thin,  scarcely  detect¬ 
able  ribbons.  In  the  original  photograph  these  are  visible,  from  a  low  viewing  angle,  in  a 
direction  roughly  parallel  to  the  wind,  as  long  dark  lines  across  the  wave  structure.  The 
presence  of  these  clicks  was  confirmed  at  the  time  the  photograph  was  taken  by  visual 
observations  from  a  small  boat.  The  estimated  width  of  individual  lines  ranged  from  2  or 
3  inches  to  about  18  inches. 

The  effects  of  extreme  changes  in  viewing  angle  are  illustrated  in  Fig.  19.  In  Fig.  19  (a) 
the  lower  slick  visible  was  associated  with  a  snip  which  remained  adrift  in  the  water 
for  about  20  minutes,  the  upper  with  a  second  ship  moving  at  about  5  knots.  At  a  facet 
angle  of  about  2  degrees  the  slick  stands  out  clearly  from  the  background.  Ai  *  facet  angle 
of  26  degrees  (Fig.  19  (b)) the  slick  is  less  distinguishable  because  of  the  loss  of  background 
information.  At  the  steeper  facet  angle,  the  only  reflections  recovered  seem  to  be  associ¬ 
ated  with  a  system  of  long-crested  waves  having  a  wavelength  of  about  40  feet. 
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(b) 

Fig.  20  (Cont'd)  -  Strip  earner*  photographs  of  glitter  at  exposure  times  of  (a)  1/50  sec 
and  (b)  1/3  sec,  In  (a)  the  arrows  indicate  the  wake  of  a  submarine  which  was  traveling 
at  a  speed  of  5  knots. 


The  appearance  of  the  images  at  two  exposure  times  (1  /  SO  and  1/3  sec)  is  shown  in 
Fig.  20.  Smoothing  produced  by  the  turbulent  wake  of  a  shallow  submarine  is  faintly  indi¬ 
cated  by  an  increase  in  facet  brightness  and  a  decrease  in  the  number  of  facets.  These 
effects  are  accentuated  by  the  loiter  exposure  time. 

Figure  21  represents  a  time  sequence  which  illustrates  the  possibilities  of  the  method 
for  studying  tlte  time  distribution  of  slicks. 

The  ability  of  high-contrast  printing  techniques  to  isolate  the  larger ,  brighter  facets 
from  areas  of  pronounced  wave  damping  is  shown  in  Figs.  22  and  23.  The  sequence  shown 
in  Fig.  22  shows  the  effect  of  printing  a  negative  showing  the  track  from  a  a  coping 
submarine  at  progressively  higher  degrees  of  contrast.  In  the  original  print  (Fig.  22  (a)), 
the  submarine  trail  can  be  detected  only  by  close  scrutiny  of  the  details  of  the  glitter 
pattern.  With  increasing  density ,  the  background  gradually  drops  c  it,  and  the  reflections 
directly  associated  with  the  turbulent  smoothing  of  the  water  surface  begin  tc  stand  out. 
With  ultrahlgh  contrast,  the  arrangement  of  these  becomes  sufficiently  unique  to  serve  as 
an  Indicator  of  the  track.  Figure  23  shows  the  enhancement  of  smoothed  areas  both  in  the 
turbulent  wake  of  a  ship  and  in  the  smoothing  caused  by  aerodynamic  turbulence  generated 
In  the  wind  blowing  across  the  ship.  The  sea  state  at  the  time  was  3. 
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Fig.  2i  -  Strip  camera  timo- icqurm  r  photograph*  showing  smoothing  in  wake  of 
turning  ship.  Photograph*  taken  approximately  five  minute*  apart  and  covering 
the  same  area. 


CONFIDENTIAL 


CONFIDENTIAL 


NAVAL  RESEARCH  LABORATORY 


5:5 


Fig,  ZZ  —  Submarine -generated  w«ki<  of  periacoping  aubmarine  (at  left).  (a)  Normal 
print;  (b),  (c),  and  (d)  ultrahigh-contra at  printii.  Width  of  photograph  rrproeenta 
approximately  opc-  mite. 
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Tig.  23  -  Wake  of  surface  ship  at  s«a  sUtc  3.  (a)  Normal 
print,  (b)  and  <c)  ultrahigh-cont-ast  prints  Note  hydro- 
dynamic  smoothing  aft  from  turbulent  wak-  •'.r* d  smoothing 
off  starboax d  flank  from  interference  of  ship  with  the 
wind. 
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DDCUSOON 

From  both  theoretical  and  observational  results,  it  haa  been  ahown  that  tha  detection 
of  alicka  by  sun-glitter  photograph?  ia  faaalbla  under  cartaln  conditions  of  wind  and  aaa 
state*  ft  la  equally  obvious  that  some  aaa  conditions  mads  slick  datactlon  impoaalble,  and 
othara  maka  It  extremity  difficult.  These  conditions  are  sum  marl  sad  briafly  in  Table  1. 


Table  1 

Weather  Factors  Affecting  Slick  Detection 


Wladftwrt 

QowU) 

Saa  State 

- - - 

Detection  Probabilities 

Moat  Significant 
Parameter 

<1 

am 

Impossible 

- 

0-  0  and  highly  variable 

Unreliable 

Mean  slope 

4-10  and  steady 

B 

Excellent 

Mean  slope 

10- SO 

B 

Difficult 

Radius /slope 

>10 

HI 

Extremely  difficult 
or  impossible 

Radius  of 
curvature 

The  two  optically  significant  paramatara  which  are  affected  by  alicka  are  the  mean 
alope  and  tha  radius  of  curvature  of  the  water  surface.  Where  the  major  components  of 
wave  slope  are  associated  with  waves  short  enough  to  be  damped  by  films,  the  use  of  mean 
alope  as  the  indicating  parameter  ia  moat  effective,  ft  ia  only  in  circumstance*  where 
major  slope  components  are  associated  with  relatively  long  watfc  that  the  radius  of  curva¬ 
ture  must  be  used. 

Where  the  alope  can  be  used,  the  field  of  view  should  be  restricted  to  wave  facets  of 
tilts  that  lie  completely  within  or,  preferably,  completely  outside  of  the  croea hatched  area* 
indicated  in  Fig.  II  to  avoid  the  ambiguity  associated  with  the  density  inversion  transition 
bom.  At  present,  the  author  knows  of  no  way  of  anticipating  the  best  viewing  angle  to  meet 
these  conditiona.  While  the  damply  characteristics  of  a  specific  surface  film  at  a  spe¬ 
cified  film  pressure  can  be  fed  into  an  analog  or  digital  representation  of  a  specific  wave 
system  to  yield  a  specific  answer  for  that  system,  the  difficulty  of  matching  the  model  to 
a  specific  sea  remains.  Variations  of  the  slope  spectra  with  the  Instantaneous  wind  condi¬ 
tions,  prior  liistory  of  the  sea,  fetch,  local  currents,  and  wind  duration  are  relevant,  hut 
usually  unknown,  parameters.  Current  research  programs  are  beginning  to  shed  light  on 
some  of  these  effects  and,  with  time,  it  is  expected  that  an  intellectually  satisfying  basis 
for  choice  of  viewing  angle  will  arise.  In  the  meantime,  a  rough  rule  of  Is  to  aim 

the  camera  at  a  facet  angle  representing  one- half  to  two-thirds  of  the  angular  spread 
between  the  center  of  the  reflection  ellipse  and  the  visual  boundary  of  the  reflection 
ellipse. 

Where  it  is  necestary  to  use  radius  of  curvatuie  ss  the  sensitive  parameter,  the  cam¬ 
era  should  be  aimed  to  catch  reflections  from  facet*  of  near-sero  tilt,  since  the  increase 
In  radius  is  usually  associated  with  a  decrease  in  tlte  mean  slope. 
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Thus  far,  a  discussion  of  photographic  seal*  har  been  avoided  It  a  apparent  that  th* 
primary  requisite  is  that  the  taigrt  image  must  be  *ar*:e  tn  comparison  to  the  limits  of 
resolution.  A  corollary  requirement  is  that  the  tat  gel  image  be  smalt  on sigh  in  relation  to 
the  total  are*  surveyed  so  that  it  can  be  readily  distinguished  from  tlm  background,  In 
cases  where  the  slick  areas  are  relatively  larpr  and  nlt^w  esn  be  u**  .1  :  «*  th^  distinguish¬ 
ing  parameter,  the  most  favorable  conditions  would  include  very  high  camera  altitudes  imi 
long  lenses  to  restrict  the  field  of  view  lo  a  narrow  range  of  facet  angle*.  U  the  slik 
dimensions  are  sufficiently  large  compared  tr  the  longest  wavelengths  present,  th*  t  tie 
could  be  sufficiently  large  to  wipe  out  the  details  of  wave  structure,  »nd  the  re*u  »»•  •*  ;mi- 
tems  would  give  s  clear,  unambiguous  presentation  of  the  slick  area*, 

Problems  in  scale  arise  when  the  slick  areas  are  small  in  comparison  u  the  vise 
structure.  In  many  cases,  observed  strnjts  of  slick  on  the  sea  surface  are  mb  a  few 
Inches  to  perhaps  a  foot  in  width.  In  some  cases,  glitter  photographs  have  been  obtained 
of  ship- generated  slicks  which  were  not  more  than  2  or  3  feet  in  wt<th.  Since  three  dimen¬ 
sions  sre  small  compared  to  ocean  wave*.  the  scale  must  br  held  to  value*  which  permit 
resolution  on  the  order  of  a  few  incher.  ao  that  enough  background  glitter  i*  resolved  to 
outline  the  rlick  areas,  ft  ia  difficult  to  establish  a  rational  fault  for  scale  in  this  aqua¬ 
tion,  and  it  la  the  author’s  experience  that  a  scale  which  permits  *  resolution  on  *ht  ora*  r 
of  2  inches  or  less  seems  to  give  satisfactory  result*.  This  degree  of  rescluti  cads  to 
some  confusion  because  of  the  details  of  wave  structure  which  are  inc  luded,  out  it  w* 
yield  a  negative  which  can  be  satisfactorily  analysed  by  ultra  high -contrast  priming  pn*  - 
eases  and,  presumably,  by  more  sophisticated  data  analysis  systems. 

On  the  basis  of  observational  result*,  exposure  lime  seem*  to  fall  also  «?<n  an  it >dr- 
termlnate  category.  Satisfactory  results  have  Ure^  oHanxed  with  time*  tanging  srom 
1/1000  to  approximately  1  second.  Longer  times  give  more  integrated  data,  b*t  this  ad¬ 
vantage  is  gained  at  the  expense  of  resolution  and  .m  pratt. cal  result*  obtanad  date  1 
not  justify  any  dogmatic  pronouncement  on  the  question. 


SUMMARY 

The  use  of  sun-glitter  photography  has  been  exam*.  J,  tested.  johI  found  to  \w  a  hi^hlv 
useful  tool  for  studying  hydrodynamic  smoothing  and  the  distribution  of  surface  him*  oi 
water  surfaces,  provided  that  such  films  are  sufficiently  comported  to  cause  tio  damp¬ 
ing.  The  technique  is  most  successful  at  sea  state*  of  0  to  2  and  mind  velocities  o»  4  to 
15  knots.  It  is  of  no  value  at  wind  velocities  too  low  tu  cause  captUaiv  waves  o».  the  surta*  r 
and  is  of  limited  value  at  sea  states  of  3  and  above. 

Thnrngh  the  use  of  ultrahigh-coiarast  printing  pi'ocr**e»,  it  has  t»een  po»»tt4e  to 
extend  the  usefulness  of  the  method  tc  include  detection  of  hv dr*wh  namu  smoking  caused 
by  the  turbulent  wakes  of  ships  and  submarine  at  *es  state*  up  lo  4, 


RECOMMENDATIONS 

In  view  of  the  possible  relevance  of  surface- chemical  phenomena  on  the  *ea  tu  the 
genera1  problem  of  antisubmarine  warfare  (ASW),  it  is  recommended  that  sun-glitter 
photog*  aphy  be  used  for  additional  studu  *  In  the  following  areas: 

1.  The  effects  of  wind  on  the  formation,  (list rilwilion,  aixl  dissipation  of  natural  and 
synthetic  slicks. 
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2.  The  effects  of  water  motions  occurring  naturally ,  or  generated  by  moving  shii* 
and  submarines,  on  the  distribution  of  slicks. 

3.  Direct  detection  of  hydrodynamic  smoothing  caused  by  Mibrnerged  submarine!, 

Wnile  major  improvements  in  the  method  itself  are  beyond  the  purview  of  the  Chun- 
ittry  Division,  several  possibilities  which  may  deserve  consideration  are  (a)  the  routing 
of  two  television  camera*  nr  other  line  scanners  at  opposite  ends  of  an  aircraft,  or  in  two 
separate  aircraft,  to  permit  use  of  correlation  techniques  In  the  data  analysis,  (b)  Um  u*e 
of  multiple  slits  on  a  single  strip  camera  to  increase  the  number  of  images  without  loss 
nf  resolution,  and  (c)  the  use  of  long-lens  cameras  mounted  high-altitude  aircraft,  bal¬ 
loons,  or  satellites  to  restrict  the  field  of  view  to  a  lim ,« sd  range  of  facet  angles  without 
loss  of  ares  coverage. 

The  ultimate  usefulness  of  this  technique  in  ASW  will  probably  be  contingent  on  the 
dcvc!sp?r**fU  nf  greater  undei  standing  of  the  oceanographic  and  meteorologic  phenomena 
which  contribute  to  the  optical  appearance  v>T  the  sea,  the  interaction  of  these  phenomena 
with  submarine- generated  water  movements,  and  the  application  of  this  irJormation  to 
more  sophisticated  scanning  and  readout  systems.  The  use  of  sun- glitter  photography  a« 
as  esperUsesAal  tool  for  the  study  of  such  phenomena  id  recommended. 
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